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ALKYLTHIO- and ALKYNYLTHIO- SUBSTITUTED  
PHTHALOCYANINES 
SUMMARY 
Phthalocyanines (Pcs) are two-dimensional 18 π-electron aromatic porphyrin  
synthetic analogues, consisting of four isoindole subunits linked together through 
nitrogen atoms. Recently they have attracted an increasing interest not only for the 
preparation of dyes and pigments but also as building blocks for the construction of 
new molecular materials for electronics and optoelectronics. Numerous properties 
arise from their electronic delocalization, which makes them valuable in different 
fields of science and technology. This is because that substituted Pc chromophores 
possess a number of unique physicochemical properties and improved organization 
capabilities, which render these compounds valuable applications in material science, 
in particular in photodynamic therapy and non-linear optics for optical limiting 
applications and optical signal detection techniques.  
The properties of phthalocyanines can be tuned by the introduction of substituents on 
the both periphery as well as non-periphery of the molecule. Due to π-stacking 
unsubstituted phthalocyanines are insoluble in common organic solvents which limits 
the processability, derivatisation and the characterization of this class of compounds. 
By introduction of bulky substituents at the ligand periphery intermolecular 
interaction of the π systems can be reduced, phthalocyanines become soluble. As a 
consequence, a variety of phthalodinitriles bearing alkyl, alkylthio and other 
functional groups have been synthesized and employed in cyclotetramerization 
reactions. 
During the last decade, a large number of mono- and poly-alkynyl-containing Pc-
systems have been synthesized mainly following two different synthetic strategies 
consisting of the cyclotetramerization of alkynyl-substituted phthalonitriles and the 
incorporation of the alkynyl-containing moieties onto the preformed Pc macrocycle 
via some metal-catalyzed coupling reactions. However, terminal alkynyl substituted 
phthalonitriles have hitherto been rarely accessible for elaboration into 
terminalalkynylphthalocyanines that are potential building blocks for ‘click’ 
chemistry with any molecule bearing terminal azide group.  
Pc containing polymers have potential use in a wide range of applications and 
devices from photodynamic therapy to odour removal, and from cytotoxic materials 
to fuel cells. However, there are several areas of research where progress has been 
disappointing. Conjugated polymers have been the focus of renewed interest in 
recent years and yet there is still no bona fide example of a conjugate polymer which 
takes advantage of the unique electronic and optical properties of the Pc macrocycle. 
It is encouraging that reports of similar conjugated Pc containing oligomers have 
begun to appear in the literature. In addition, the promise of Pc polymers to enforce 
covalent control over the 3-dimensional arrangement of the Pc unit in the solid phase 
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has yet to be fulfilled. Clearly, there are still exciting challenges to be met in the 
design and synthesis of Pc-containing polymers. 
Sener et. al. synthesized phthalocyanine derivatives carrying a terminal alkyne unit 
on each benzo group together with ester functionalities without 
protective/deprotective chemistry. Derivatization and in situ metallation of the 
alkynyl-substituted freebase Pcs was also accomplished using click chemistry. Torres 
et. al. showed the synthesis of monodisperse zinc phthalocyanine-centered 
dendrimers encapsulated within an amphiphilic environment. The corresponding 
phthalonitrile precursors have been prepared with a triazole linking motive as 
introduced through the “click” chemistry approach. Nyokong et. al. reported the 
synthesis of a new manganese phthalocyanine complex, namely Mn tetrakis(5-
hexynoxy) phthalocyanine, specifically designed to possess an alkyne moiety for its 
potential use in controlled immobilization on electrodes via the so called “click” 
chemistry reaction.  
While terminal alkyne moeity makes Pc macromolecule “clickable”, the 
sulphyanyl/thio/mercapto groups shifts the Q band to NIR region, which opens the 
door of photosensitization. In 1992, Dolotova et al. reported a number of peripherally  
substituted complexes for manganese Pcs, in order to study the coordination 
chemistry of the compounds in noncoordinating solvents. With this aim they 
synthesized 4-tert-butoxy-, tert-butylthio- and 3-phenylthio-phthalonitriles and they 
observed enhanced bathochromic shifts of novel MnPcs. And recently, the same 
group carried out synthesis for both peripheral and nonperipheral substituted 
manganese phthalocyanines from the corresponding phthalonitriles in order to 
observe their coordination and electrochemistry. McGrath and coworkers reported a 
series of near-IR-absorbing soluble Pcs with eight alkyne moieties as side chains of 
the chromophore. One of these Pcs used as a scaffold for functional group using 
alkyne–azide click chemistry with various azides. This led to a small library of Pcs 
with photo and thermal crosslinkable, dendritic, and hydrophilic moieties starting 
from a single Pc molecule. 
Incorporation of alkyne functionalities on the periphery of a Pc will facilitate alkyne-
azide click chemistry, allowing for a variety of high-functioning substituents to be 
used. In line with mentioned statements, placing terminal alkynylthio groups on the 
periphery of phthalocyanines are rarely studied.. With this approach, firstly, we 
aimed the preparation terminal alkynylthio-substituted phthalonitrile using the 
nucleophilic displacement reaction between 4-nitrophthalonitrile and 3-propyne-1-
thiol (propargyl mercaptan) . In addition to this, by different method 4-tert-butylthio-
phthalonitrile is synthesized from 2-methyl-2-propanethiol and 4-nitrophthalonitrile. 
Then, symmetrically tetra-terminal alkynylthio and alkylthio substituted 
phthalocyanines are synthesized by cyclotetramerization of corresponding 
phthalonitrile precursors. This newly synthesized tetra-terminalalkynyl substituted 
phthalocyanines have potential for ‘click’ chemistry with any molecule bearing 
terminal azide group. In adddition, novel tetra alkylthio substituted phthalocyanines 
may have application in photodynamic therapy.  
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ALKİLTİYO- ve ALKİNİLTİYO-SÜBSTİTÜE FTALOSİYANİNLER 
ÖZET 
Ftalosiyaninlerle (Pc) ilgili ilk kapsamlı çalışma 1930’lu yıllarda Linstead ve 
arkadaşları tarafından gerçekleştirilmiştir. Keşfedilmesini izleyen ilk 30 yıl içerisinde 
ftalosiyaninler, yüksek termal, kimyasal ve fotokimyasal stabilitelerinden dolayı 
ışığa dayanıklı mavi ve yeşil pigment ve boya olarak kağıt ve tekstil endüstrisinde 
yaygın bir şekilde kullanılmışlardır [1]. İlk ftalosiyanin komplekslerinin hemen 
hemen hepsi periferal pozisyonlarında sübstitüe olmamış ve 1-kloro vaya 1-
bromonaftalen, kinolin gibi yüksek kaynama noktalı çözücülerde düşük çözünürlüğe 
sahiptiler. Ftalosiyaninler için en iyi çözücü sülfirik asitti.  
Yapısal olarak, ftalosiyaninler iki boyutlu 18 π-elektron aromatik porfirin sentetik 
analoglarıdır. Azot atomlarıyla birbirine bağlanmış dört izoindol temel ünitesi 
içerirler. Daha çok boya ve pigment hazırlanmasında kullanılan ftalosiyaninler, son 
yıllarda ayrıca elektronik ve optoelektronikte yeni moleküler materyallerin 
hazırlanmasında yapı taşı olarak da kullanılabilmelerinden dolayı ilgi çekmektedirler. 
Ftalosiyaninlerin elektron delokalizasyonundan kaynaklanan çeşitli özellikleri, onları 
bilim ve teknolojinin değişik alanlarında değerli kılmaktadır. Son zamanlarda 
sübstitüe ftalosiyaninler çok hızlı gelişmektedir. Çünkü bu gibi kromoforlar materyal 
biliminde özellikle fotodinamik kanser terapi, non lineer optik, sinyal belirleme 
tekniklerinde uygulama imkanı bulan eşsiz fizikokimyasal özelliklere ve gelişmiş 
organizasyon kabiliyetine sahiptirler.  
Periferal ve nonperiferal pozisyonlara çeşitli sübstitüentlerin eklenmesiyle 
ftalosiyaninlerin özellikleri değiştirilebilir. Sübstitüe olmamış ftalosiyaninler 
delokalize π elektron sistemlerinden dolayı üst üste istiflenerek çözünmez hale 
gelirler ve bu durum ftalosiyaninlerin işlenebilirliğini, türevlendirilmesini ve 
karakterizasyonunu kısıtlar. Hacimli grupların ligandın periferal konumlarına 
yerleştirilmesi ile π sisteminin moleküller arası etkileşimi azaltılarak ftalosiyaninlerin 
çözünürlüğü arttırılabilir. Bu nedenle alkil, alkiltiyo ve diğer fonksiyonel grupları 
taşıyan çok sayıda ftalonitril bileşiği sentezlenmiş ve siklotetramerizasyon 
reaksiyonlarında kullanılmıştır. 
Son on yılda, çok sayıda mono- ve poli-alkinil grubu içeren Pc sistemi, alkinil-
sübstitüe ftalonitrillerin siklotetramerizasyonunu ve alkinil-içeren grubun önceden 
hazırlanmış Pc makrohalkasına metal katalizli kapling reaksiyonuyla 
yerleştirilmesini içeren iki temel stratejiye dayanılarak sentezlenmiştir. Bununla 
birlikte, şimdiye kadar terminal alkin sübstitüe ftalonitrillerden terminal alkiniltiyo 
sübstitüe ftalosiyaninlerin eldesiyle ilgili çok az sayıda çalışma bulunmaktadır ve bu 
tip ftalosiyaninler uç azid grubu taşıyan bileşiklerle klik kimyasında kullanılabilme 
potansiyeline sahip yapı taşlarıdır. 
Ftalosiyanin içeren polimerler fotodinamik terapiden koku gidermeye ve sitotoksik 
materyalden yakıt pillerine kadar çok çeşitli alanlarda uygulamalara sahiptir. 
Bununla birlikte hayal kırıklığına uğranmış olan çeşitli araştırma alanları da vardır. 
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Konjuge polimerler son yılların yeni ilgi alanıdır fakat ftalosiyanin makro halkasının 
elektronik ve optik özelliklerinde avantaj sağlayan konjuge bir polimer örneği henüz 
elde edilememiştir. Konjuge ftalosiyanin içeren oligomerlerin literatürde yer almaya 
başlaması ümit vericidir. Bunun yanında katı fazda ftalosiyanin ünitesinin üç boyutlu 
düzenlenmesinde kovalent kontrolü sağlayan ftalosiyanin polimerlerin eldesi son 
zamanlarda başarılmıştır. Polimer içeren ftalosiyaninlerin senteziyle ve dizaynıyla 
ilgili hala çözülmesi gereken sorunlar bulunmaktadır. 
Şener ve arkadaşları, her bir benzo ünitesinde ester gruplarıyla birlikte terminal alkin 
grupları da içeren ftalosiyaninlerin sentezini gerçekleştirmiştir. Ayrıca klik kimyasını 
kullanarak bu ftalosiyanin bileşiğini türevlendirirken aynı zamanda metalli 
ftalosiyanine dönüşmesini de sağlamıştır. Torres ve grubu amfifilik olarak 
çevrelenmiş mono dispers çinko ftalosiyanin merkezli dendrimerlerin sentezini 
göstermiştir. İlgili ftalonitriller klik kimyası yaklaşımıyla elde edilen triazol motifiyle 
hazırlanmıştır. Nyokong ve çalışma arkadaşları Mn tetrakis(5-hekzinoksi) 
ftalosiyanin isimli yeni mangan kompleksini sahip olduğu alkin gruplarından dolayı 
klik reaksiyonuyla kontrollü sabitlenmiş elektrot üzerinde kullanmak amacıyla 
sentezlemiştir. 
Makromoleküler mühendislik ve biyolojik uygulamalar için yeni polimerik 
malzemelerin geliştirilmesi genellikle yüksek oranda seçici ve verimli modifikasyon 
reaksiyonlarının kullanımını gerektirir. Bu nedenle ‘klik’ kimyası olarak adlandırılan 
geniş reaksiyon sınıfı polimer modifikasyon tekniği olarak geniş ölçüde 
kullanılmaktadır. 
‘Klik’ reaksiyonları; yüksek verimlilik, değişik fonksiyonel gruplara tolerans, ılımlı 
reaksiyon koşulları altında asgari sentetik işlemle gerçekleştirilebilme gibi 
özelliklerle karakterize edilmektedir. Bu sınıflandırma Levis asit katalizörlü azit-
nitril sikloeklenme , Diels-Alder sikloeklenme, tiyol-oksidatif birleşme, epoksilerin 
halka açılması , atom transfer radikal eklenme dahil bir çok makromoleküler 
dönüşüm reaksiyonları için kullanılabilir. Ancak oda sıcaklığında 1, 4-triazol vermek 
üzere Cu I tarafından regioseçici olarak katalizlenebilmesi 1,3-dipolar azit-alkin 
sikloeklenme reaksiyonunu en çok ilgi çeken “klik” reaksiyonu kılmıştır. Bu önemli 
keşiften dolayı Cu I katalizörlü ‘klik’ reaksiyonu çok sayıda araştırmaya konu olmuş  
ve polimer ve malzeme biliminde geniş uygulama alanı bulmuştur . Cu I katalizörlü 
azit-alkin sikloeklenme reaksiyonunun genellikle uç alkinlerle sınırlı olmasına 
rağmen yakın zamanda uygun katalizör seçimi ile iç alkinlere de başarıyla 
uygulanabildiği gösterilmiştir . “Klik” kimyası ve LRP yöntemlerinin uyumluluğu bu 
iki yöntemin sıklıkla birlikte kullanılmasına sebep olmuş, dolayısıyla farklı mimariye 
sahip polimerlerin ve fonksiyonel malzemelerin sentezlenebilmesine olanak 
tanımıştır. Cu I katalizörlü azit-alkin sikloeklenme reaksiyonu ile 
fonksiyonellendirilecek polimerlerin büyük çoğunluğu ATRP ile hazırlanmaktadır. 
‘Klik’ reaksiyonu verebilecek fonksiyonel grupların polimer zincirine katılması için; 
fonksiyonel monomer ya da başlatıcıların kullanılması ve polimerizasyon sonrası 
modifikasyonları gibi çeşitli metotlar vardır .  
Pc halkasına yerleştirilen terminal alkin grupları “klik” edilebilirliği sağlarken, 
sulfanil/tiyo/merkapto grupları da oluşan Pc’nin UV-Vis spektrumunda Q bandının 
yakın IR bölgesine kaymasına sebep olmakta ve böylece ftalosiyaninler fotosensör 
olarak kullanılabilmektedirler. 1992 yılında, Dolotova ve arkadaşları nonkoordine 
çözücülerde koordinasyon kimyasını incelemek üzere periferal olarak sübstitüe bir 
seri mangan ftalosiyanin sentezlemişlerdir. Bu amaçla 4-tert-butoksi-, tert-butiltiyo- 
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ve 3-feniltiyo-ftalonitriller sentezlenmiş ve elde edilen MnPc’lerin kırmızı bölgeye 
kaydığı gözlenmiştir. Aynı grup son zamanlarda ilgili ftalonitrillerden nonperiferal 
ve periferal sübstitüe MnPc’leri koordinasyon ve elektrokimyasal incelemeler 
yapmak üzere sentezlemişlerdir. McGrath ve grubu  sekiz adet alkin grubu taşıyan, 
yakın-IR bölgede absorbansa sahip, çözünür, Pc’ler sentezlemişlerdir. Pc’lerden 
birini çeşitli azid uç grubu taşıyan bileşiklerle alkin-azid klik kimyasında iskelet yapı 
olarak kullanmıştır. Böylece foto ve termal krosbağlanabilir, dendritik, hidrofilik 
grupları taşıyan ftalosiyaninlerden oluşan küçük bir ftalosiyanin kütphanesi tek bir 
Pc molekülünden başlayarak elde edilebilecektir.  
Alkin fonksiyonel grubunun Pc halkasına yerleştirilmesi alkin-azid klik kimyasını 
kolaylaştıracak ve birçok sübstitüentle fonksiyonlandırılmasına imkan sağlayacaktır. 
Terminal alkintiyo gruplarının Pc halkasına bağlanması az çalışılmış bir konudur. 
Bizim çalışmamızda, öncelikle 4-nitroftalonitril ile 3-propin-1-tiyol (propargil 
merkaptan) arasındaki nükleofilik yer değiştirme reaksiyonuyla terminal alkinil 
sübstitüe ftalonitril sentezi gerçekleştirilmiştir. Daha sonra, bu ftalonitril bileşiğinin 
siklotetramerizasyonuyla simetrik tetra terminal alkinil-sübstitüe ftalosiyaninler elde 
edilmiştir. Ayrıca, literatürdeki metoddan farklı olarak 4-nitroftalonitril ve 2-metil-2-
propantiyol arasındaki reaksiyon ile 4-tertbutiltiyoftalonitril bileşiği elde edilmiştir. 
Daha sonra ilgili ftalonitril bileşiğinden simetrik tetra alkiltiyo-sübstitüe metalli ve 
metalsiz ftalosiyaninler de elde edilmiştir. Terminal alkin grupları taşıyan bu yeni 
ftalosiyaninler azid uç grubu taşıyan bileşiklerle klik kimyası ile 
fonksiyonlandırılabilme potansiyeline sahiptirler. Yeni tetra sübstitüe alkiltiyo 
grupları taşıyan ftalosiyaninler ise fotodinamik terapide kullanılabilme potansiyeline 
sahiptirler. 
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1. INTRODUCTION 
The importance of tetrapyrrolic macrocycles in nature is obvious. Compounds such 
as heme and chlorophyll play such vital roles in the biological systems responsible 
for the transportation of oxygen to cells in the body and the transformation of light 
into useful energy in plants. Others are involved in the electron transport chain in the 
mitochondria and the protection of cells from oxidative damage. Synthetic 
tetrapyrrolic compounds such as phthalocyanines (Pcs) (1) (Figure 1.1) have been 
proposed as convenient molecular models for the study of the physicochemical 
properties of naturally occuring tetrapyrrolic macrocycles  including porphyrins due 
to their structural similarities.  However, owing to their increased stability, improved 
spectroscopic characteristics, diverse coordination properties, and architectural 
flexibility Pcs have surpassed porphyrines in a number of applications and their 
immense potential in diverse fields makes them one of the most highly studied 
macrocyclic and coordination compounds [1].   
 
Figure 1.1 : General phthalocyanine macrocycle 
Ever since their serendepitious discovery  and identification  in the early 1900s, Pcs 
have been extensively used as dyes and pigments in the paint, printing, textile, and 
paper industries due to their extremely intense blue-green color, high dyenig power, 
photostability, insolubility in most solvents  and chemical inertness . In addition , Pcs 
are known catalysts for numerous chemical reactions .  More recently, Pcs have 
 
 
2
found high-tech applications in electrophotography and ink jet printing  and as 
photoconducting agents in photocopying devices .Moreover, the importance and 
potential of Pcs is rapidly growing in many other fields. These include chemical 
sensors , electrochromism, molecular metals , liquid crystals , Langmuir-Blodgett 
films,  functional polymers, semiconductors,  phtosensitizers for photodynamic 
therapy,  and non-linear optical applications. Such a wide range of applications on 
Pcs, originates from their singular chemical structure, high degree of aromaticity, 
unique electronic spectra,and the flexibility involved in the synthesis of Pcs. 
The disadvantage of Pcs is the extreme insolubility of their unsubstituted derivatives. 
This can be primarily traced to the extreme hydrophobicity of the aromatic core and 
planarity of the phthalocyanine, which leads to a tendency to stack upon themselves 
and result in highly stable crystal structures with high molecular lattice energies. 
Almost all early phthalocyanine complexes were unsubstituted on the periphery and 
had a low solubility in most known solvents even in such high-boiling aromatic 
solvents as 1-chloro- or 1-bromonaphthalene and quinoline. The only effective 
solvent -sulfuric acid was found to be the best solvent for them.  
In order to induce solubility, a number of functional groups have been added to the 
Pc framework via attachment to the benzene rings on the periphery of these 
macrocycles. The physical, chemical and electronic properties of Pcs can also be 
fine-tuned via the addition of appropriate substituents and functional groups to the 
molecule. Simple functional groups such as alkyl chains and higher order aromatics 
to ethers, amines, thiols, halides, and various acid groups have been used to improve 
the properties of Pcs. Overall , this rich chemistry is the driving force behind the 
tremendous versatility of of phthalocyanines and their value in such a wide array of 
fields [1]. 
1.1 Phthalocyanine Structure 
 Phthalocyanines are two-dimensional 18 π-electron aromatic porphyrin  synthetic 
analogues, consisting of four isoindole subunits linked together through nitrogen 
atoms. The substituents located at positions 1, 4, 8, 11, 15, 18, 22, and 25 of the 
phthalocyanine ring  (α-positions) are named as α−substituents, while those located 
at positions 2, 3, 9, 10, 16, 17, 23, and 24 (β-positions)  are regarded as β-
substituents (Figure 1.2) . 
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Introduction of peripheral substituents can dramatically increase the solubility of the 
target phthalocyanine in water or common organic solvents and can be used for an 
accurate tuning of optical and redox properties of phthalocyanines designed for a 
specific high-tech application. Peripheral substituents can also be used as anchoring 
or bridging groups for formation of controlled supramolecular assemblies and similar 
applications . Peripheral substituents can be introduced into the phthalocyanine core 
using one of the two basic methods. The first approach involves modification of the 
already existing phthalocyanine core using aromatic electrophilic substitution 
reactions as well as cycloaddition reactions.
 
The second basic approach involves the tetramerization of already substituted 
phthalocyanine precursors. This  leads to a controlled number of substituents on the 
target phthalocyanine, which is far cleaner reaction in terms of the degree of 
substitution.
 
The useful precursors for this method include substituted derivatives of 
ortho-phthalic acid (i.e. anhydrides, imides, amides, and nitriles) with the nitriles 
being the most popular choice (Figure 1.4). 
 
Figure 1.2 : Numbering scheme for the phthalocyanine core. 
Generally, in the case of tetrasubstituted phthalocyanines, all four possible positional 
isomers (C
4h
, C
2v
, C
s
, and D
2h
, Figure 1.3) can be formed during the 
cyclotetramerization reaction and the size of substituent in the 3-substituted 
precursor can dictate predominant formation of the least sterically crowded and least 
soluble phthalocyanine of C
4h 
symmetry.  In the mild reaction conditions (i.e. 
alkoxide promoted cyclotetramerization) lead to formation of the pure least sterically 
crowded isomer of ‘C
4h
‘ symmetry (since it is metal-free phthalocyanine, the actual 
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symmetry of this compound is C
2h
) in low yield.
 
However in the harsh reaction 
conditions and use of a template (e.g. transition-metal ions) result in formation of a 
mixture of all four possible positional isomers in significantly higher yields even in 
the cases when 3-substituted phthalic acids were used as the precursors.  If it is 
compared, 3-substituted phthalonitriles result in better yields of phthalocyanines as 
compared to corresponding phthalic acids or anhydrides.   
 
Figure 1.3 : Four possible positional isomers of 1,8(11),15(18),22(25)-
tetrasubstituted phthalocyanines.
 
1.2 Phthalocyanine Precursors 
Unlike metalloporphyrines, Pc complexes are seldom obtained from an available Pc 
ligand. More often, the complex is formed from precursors via a metal-templated 
cyclotetramerization reaction. The addition of substituents to Pcs in order to improve 
their properties is also far easier to control using appropriately substituted starting 
materials rather than adding them to a preexisting macrocycle. Free Pc ligands tend 
to be prepared via demetalation of labile alkali and alkali earth metal complexes, 
which themselves are formed by the reaction of phthalonitriles and other 
phthalocyanine starting materials with metal alcoholates. 1,6 The mechanism of this 
condensation reaction has been extensively examined and probably involves a 
stepwise polymerization of Pc precursors or reactive intermediates followed by 
coordination of the central metal ion and ring closure to the macrocycle. 1,66-70 Ring 
closure is driven not only by the template effect of the metal ion and the inherent 
stabilization this coordination implies but also by the thermodynamic stabilization 
and added aramaticity involved in formation of the phthalocyanine macrocycle. The 
aromatic charachter of Pc system is clearly demonstrated by its magnetic anisotropy, 
which is 15 times greater than that of benzene .  
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Figure 1.4 : Phthalocyanine precursors 
1.3 Phthalonitriles 
The most useful of the Pc precursors are phthalonitriles. These compounds readily 
yield Pc complexes in good yields with most metals except silver and mercury.1 
Reactions often involve simply heating the phthalonitrile in the presence of a metal 
ion source as either a melt of reagents or in a suitable high boiling solvent. 
Phthalonitriles lead to reactions of higher purity and since they are generally more 
expensive, their use tend to be restricted to high-technological applications and small 
scale syntheses as these compounds can be readily prepared via a number of 
synthetic pathways and their condensation reaction generally proceeds more 
smoothly and with improved yields as compared to other o-phthalic acid derivatives. 
In general, cyclotetramerization reactions are carried out in elevated temperatures in 
either a melt of reagents or in a high boiling solvent such as chlorobenzene, 
quinoline, nitrobenzene, or 1-chloronaphthalene. Pc macrocycle formation can also 
be accomplished in refluxing 1-pentanol or another similar alcohol in the presence of 
an organic base such as DBU, piperidine,or cyclohexylamine [2-4]. The presence of 
a strong organic base permits the reaction to proceed under more mild reaction 
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conditions by acting as an electron acceptor, thus promoting formation of an 
alcoholate. This in turn adds to the cyano groups of the dinitrile with formation of an 
alkoxy-isoindoline,which rapidly cyclizes to the Pc.  
Metal –free Pcs can also be prepared from phthalonitriles via the reaction with 
hydrogen in dioxane or with ammonia in 2-N,N,-dimethylaminoethanol.66,76 
Phthalonitriles readily react with various metal sources including metals themselves 
along with their salts, oxides,sulphates and halides to form metallo-phthalocyanine 
complexes. Such  metal complexes have been reported for most metals with the most 
obvious exceptions being silver and mercury. Cyclotetramerization reactions 
involving phthalonitriles have been shown to be somewhat sensitive to solvent, 
temperature, and metal ion source. Still they tend to be the preferred starting material 
for Pc synthesis and as such, most research encompassing Pcs and their preparation 
has involved phthalonitrile starting materials. Numerous methods have been 
developed, which are not mentioned here, for their preparation and functionalization.  
1.4 Methods of Synthesis 
Pcs can not be found in nature but was discovered accidentally in 1907, when Braun 
and Tcherniac were eorking at the south Metropolitan Gas Company in London, 
serendipitiously, they observed the presence of a trace amount of a blue compound, 
as a by-product of the preparation of o-cyanobenzamide from phthalamide and acetic 
anhydride.  
This synthesis of phthalocyanine 1 involved the reaction of o-cyanobenzamide in 
refluxing ethanol from which 1 was recovered in low yield (Figure 1.5, route a). 
Linstead and coworkers reported that the yield could be improved if magnesium, 
antimony or magnesium salts such as its oxide and carbonate are mixed with o-
cyanobenzamide and heated over 230oC followed by demetallating the resultant 
metallophthalocyanine with cold concentrated H2SO4 (Figure 1.5, route b). Use of 
substituted analogues of o-cyanobenzamide in order to synthesise substituted Pcs has 
been rare.  
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Figure 1.5 : Synthesis of metal free phthalocyanine. 
Elvidge and Linstead reported that 1,3-diminoisoindoline, on treatment with NiCl2 in 
hot formamide, gave the nickel metallophthalocyanine (MPc) in 96% yield. Heating 
1,3-diminoisoindoline in the presence of a hydrogen donor such as succinonitrile or 
boiling tetralin, produced 1 in average yields (Figure 1.6, route a). 1 was moreover 
shown to be produced from 1,3-diminoisoindoline in relatively high yields by 
refluxing the isoindoline in 2-N,N-dimethylaminoethanol (Figure 1.6, route b). 
 
Figure 1.6 : Synthesis of metal free phthalocyanine. 
Yields of identically and non-identically substituted Pcs have been found to vary 
over a wide range. Unfortunately, the synthesis of Pcs with dissimilar substituents at 
nonperipheral positions most likely results in a mixture of compounds that may not 
be separable by chromatography. An essential part of the aim of this work sets to 
describe the synthesis and characterization of novel peripherally substituted 
octathiometallophthalocyanines, containing Co, Fe and Zn as central metals. 
Synthetic methods of octasubstituted and thiol substituted Pcs are presented below. 
Pure substituted phthalocyanines and metallophthalocyanines have been prepared by 
cyclotrimerization of substituted 1,2-dicyanobenzenes or 1,3-diimino-1H-
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isoindoles.11 4,5-Disubstituted phthalonitriles as reactants lead to peripheral-
identically substituted phthalocyanines.2 Non-peripheral octaalkoxy substituted Pcs 
were synthesised by alkylation of 2,3-dicyanohydroquinone with alcohols to 3,6-
dialkoxy-1,2- dicyanobenzenes followed by their conversion to Pcs. Wöhrle et al.2 
have described a smart synthesis of 2,3,9,10,16,17,23,24 octasubstituted 
phthalocyanines (Figure 1.7).  This procedure involves the reaction of 4,5-dichloro-
1,2- dicyanobenzene with O- and S-nucleophiles to the corresponding 4,5-
disubstituted-1,2- dicyanobenzenes which were then converted into octasubstituted 
Pcs.  
 
Figure 1.7 : Synthesis of octasubstituted unmetallated Pcs.  
Wöhrle et al. also found that various substituted dinitriles reacting in the presence of 
strong non-nucleophilic bases such as 1,8-diazabicyclo(5.4.0)undec-7-ene (DBU) or 
1,5-diazabicyclo(4.3.0)non-5-ene (DBN) in 1-pentanol results in high yields of Pc.2 
This method was found to be relatively easy, occurring under mild conditions and 
yielding pure Pcs. Few phthalocyanines with sulphur substituents have been reported 
[5,6]. Metal-free phthalocyanines and metal phthalocyaninates peripherally 
octasusbstituted with various alkylthio-groups have been synthesized [7]. 
Octabutylthiophthalocyanine complexes containing iron and zinc and their metal free 
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analogue have been synthesised. Novel liquid crystalline octakis(alkylthio)-
substituted phthalocyanines, which may possibly be used for opto-electronic 
applications such as solar cells, have been synthesized and characterized. A number 
of octakisalkylthiophthalocyanines and their copper complexes have been 
synthesized in order to study their mesomorphism and supramolecular structures    
[8-10]. 
1.5 Phthalocyanines with alkynyl-substituents  
The target 4-alkynyl substituted phthalonitriles can be prepared by palladium-
catalyzed coupling reactions between 4-iodophthalonitrile and specific terminally 
monosubstituted acetylenes [11].
 
Cyclotetramerization of 4-alkynylphthalonitriles 
leads to formation of the target 2,9(10),16(17),23(24)-tetra-alkynyl substituted 
phthalocyanine compounds. If alkynyl substituents are sensitive to the reaction 
conditions, formation of oligomeric materials, which originate from partial 
degradation of the alkynyl chain, can also be observed. Several interesting 
phthalocyanine-porphyrin assemblies connected via the -C≡C- fragment were 
reported by Lindsey and co-workers [12].
 
In each of these assemblies, the 
2,9(10),16(17),23(24)-tetraalkynyl substituted phthalocyanine core is connected to 
four or eight porphyrin units resulting in interesting redox and photophysical 
properties. The introduction of the alkynyl substituents into the phthalocyanine core 
can also be achieved by the Sonogashira coupling reaction using 
2,9(10),13(14),23(24)-tetraiodophthalocyanines as was demonstrated in the 
preparation of the deoxyribose-phthalocyanine conjugate [13].  
So far, the only example of the 1,2,8,9,15,16,22,23-octakis substitution pattern was 
described in 1999 by Leznoff and co-workers.48 A palladium-catalyzed coupling 
reaction between 3,4-dibromophthalonitrile and tert-butylacetylene results in 
formation of 3,4-bis(tert-butylethynyl)phthalonitrile in 40% yield. This nitrile 
undergoes a cyclotetramerization reaction with lithium 1-pentanolate and results in 
formation of a single C4h (ignoring inner protons) isomer of 1,2,8,9,15,16,22,23-
octakis(3,3-dimethyl-1-butynyl)phthalocyanine in 35% yield. Formation of a single 
isomer in this reaction is not surprising taking into consideration the size and 
conformational rigidity of tert-butylacetylene groups at the α-peripheral positions of 
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the phthalocyanine core. Similar palladium catalyzed couplings between alkynes and 
3,4-diiodophthalonitrile were also explored by Leznoff et al. [14].  
The preparation of 4,5-dialkynyl substituted phthalonitriles and their respective 
2,3,9,10,16,17,23,24-octaalkynyl substituted phthalocyanines was explored in detail 
by Leznoff and Torres in the 1990s. The original preparation of 4,5-
dialkynylphthalonitriles was accomplished using a simple Heck coupling reaction 
between 4,5-dibromo- or diiodo-phthalonitrile and the corresponding substituted or 
terminal alkynes in the presence of a palladium catalyst (Figure 1.8). Alternatively, 
4,5-dialkynyl substituted phthalonitriles can be prepared by the Diels-Alder reaction 
between dimethylenehexadiynes and dicyanoacetylene, followed by a hydrogen 
subtraction reaction with DDQ.  
 
Figure 1.8 : Substituted  alkynes 
In the case when 4,5-disubstituted phthalonitriles have alkyl or silyl terminal groups 
directly connected to the acetylene moieties, the target 2,3,9,10,16,17,23,24-
octaalkynyl substituted phthalocyanines can be prepared with reasonable yields by a 
direct cyclomerization reaction in the presence of a metal salt (if necessary) in 
DMAE, with or without continuous ammonia gas flow [14].
 
The 
2,3,9,10,16,17,23,24-octaalkynyl substituted phthalocyanines with terminal -C≡C-H 
groups, however, must be prepared by modification of the peripheral -C≡C-R 
substituents. For instance, they can be prepared by cleavage of the C-Si bond in 
C≡C-SiMe2 Bu-t using tetrabutylammonium fluoride under mild conditions (Figure 
1.9).
 
In addition, in situ deprotection of tert-butyldimethylsilyl groups with 
tetrabutylammonium fluoride and “clicking” of terminal acetylene substituents with 
alkylazides in the presence of copper (I) ions results in a highly efficient and 
quantitative route to the octatriazole-functionalized phthalocyanines. It has been 
demonstrated that these triazole containing phthalocyanines can form well-defined 
supramolecular structures when doped with zinc triflate [15]. 
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Figure 1.9 : Alkynyl-substituted examples 
1.6 Synthesized alkynyl-phthalocyanine examples 
The dialkynylphthalonitrile 34 has been prepared by Jurícěk and coworkers via a 
double Sonogashira condensation of tert-butyldimethylsilylacetylene 32 on diiodo or 
dibromophthalonitrile (30 or 31) yielding 33 and desilylation into 34 (Figure 1.10). 
The cyclotetramerization of 34 lead to a highly aggregated phthalocyanine 35 on 
which no click reaction could be completed. For this reason, the cyclotetramerization 
is done with phthalonitrile 33, leading to 36 on which click reactions are successfully 
achieved, the silyls groups of 37 being removed after the click reaction, yielding 38 
[16] .  
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Figure 1.10 : Optimization of the synthesis of clicked phthalocyanine 38  
(R: C12H25)  
Thiem et al. İntroduced the alkyne moieties on the octahydroxy Zn(II) 
phthalocyanine 41 (Figure 1.11). The eight hydroxyles of 41 performed a 
nucleophilic substitution on propargyl bromide 25, leading to the 
octaalkynylphthalocyanine 42. 41 results from the deprotection of 40, that was 
prepared by the cyclotetramerization of 39, itself prepared in nine steps from 
pyromellitic dianhydride in an overall high yield [17]. 42 is a phthalocyanine 
offering versatile functionalizations possibilities, was conjugated with eight units of 
glucopyranosyl azide or galactopyranosyl azide. 
 
Figure 1.11 : Preparation of the octaalkynylphthalocyanine 42 
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1.7 Alkylthio and Arylthio-substituted Phthalocyanines  
In general, alkylation of phenolic hydrogens,
 
aromatic nucleophilic substitution of 
nitro
 
and halogeno
   
atoms, the Rosenmund-von Braun,
  
and Diels-Alder
   
reactions 
can be used for preparation of alkylthio- and arylthio-phthalonitriles and their related 
phthalocyanines. As usual, when 3- and 4-substituted phthalonitriles are used in the 
cyclotetramerization reaction, a mixture of all possible isomeric forms is obtained, 
although as pointed out by Leznoff et al.,
 
the room-temperature template (Zn
2+
) 
cyclization of 3-alkylthio-phthalonitriles leads to formation of a single C
4h 
symmetry 
1,8,15,22-tetrasubstituted isomer. For instance, aromatic nucleophilic substitution 
reactions between 3-nitro-,
 
4-nitro-,
 
3,5-dinitrophthalonitrile
 
as well as 4,5-
dichlorophthalonitrile,
 
3,6-bistosyloxyphthalonitrile,
 
tetrafluorophthalonitrile
 
or 
tetrachlorophthalonitrile
  
with a variety of thiols and thiophenols in DMF/K
2
CO
3 
results in formation of the target 3-mono or 4-mono as well as 4,5-di and 3,4,5,6-
tetraalkylsulfanyl- or diarylsulfanyl-phthalonitriles, which can be cyclotetramerized 
into the corresponding phthalocyanines using standard procedures. As a rule, 
formation of alkylsulfanyl- and arylsulfanyl-phthalonitriles by aromatic substitution 
reaction proceeds more easily than formation of the analogous alkyloxy- and 
aryloxy-phthalonitriles because of the better nucleophilicity of thiolates compared 
with alkoxides. As a result, aromatic nucleophilic substitution of all halogen atoms 
on alkyl- or aryl-sulfanyl substituents in transition-metal hexadecafluoro (chloro) 
phthalocyanines can be achieved simply by heating of these macrocycles with the 
appropriate thiols or thiophenols in diglyme or quinoline.  
The Q-band in phenylsulfanyl derivatives is located at longer wavelengths compared 
with the corresponding phenoxy complexes [18].
 
1,8(11),15(18),22(25)-
Tetraphenylthiophthalocyanines have a Q-band in the NIR region and are potential 
candidates for PDT applications [19].
 
Another useful property of the 
alkylsulfanylphthalocyanines is their easy adsorption onto the surface of   gold 
electrodes, which results in the preparation of surface-modified electrodes for a 
variety of electrocatalytic reactions [20].  
The alkylation of phenolic hydrogen atoms with appropriate alkyl halides along or in 
combination with the Rosenmund-von Braun reaction is a common synthetic 
pathway for preparation of 3,6- and 4,5-alkylthio- or arylthio-substituted 
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phthalonitriles and the corresponding 1,4,8,11,15,18,22,25- or 2,3,9,10,16,17,23,24-
octaalkyl(aryl)thio-phthalocyanines. The alkylation  reaction typically proceeds 
under slightly basic conditions with a variety of alkyl halides, including those with 
terminal functional groups. These terminal functional groups can then be used for a 
variety of applications (e.g. preparation of water-soluble salts for PDT, coordination 
of transition-metal complexes, preparation of supramolecular frameworks, and 
heterogeneous catalysis etc.). 
Aromatic nucleophilic substitution of nitro groups in 3- and 4-mono, as well as 4,5- 
and 3,5-disubstituted phthalonitriles by phenols and thiophenols was reported in 
1980 [21] .
 
This reaction, which became a standard method for introduction of ArO 
and ArS substituents into 3- and 4-substituted phthalonitriles and the corresponding 
1,8(11),15(18),22(25)- and 2,9(10),16(17),23(24)-tetraalkyl(aryl)oxysubstituted 
phthalocyanine complexes, proceeds smoothly in aprotic polar solvents (DMSO, 
DMF, MeCN etc) in the presence of large excess of potassium carbonate as a base; it 
affords phthalonitrile precursors in high yields (Figure 1.10) [22].
 
In the case of 3- 
and 4-substituted phthalonitriles, readily available 3- and 4-nitrophthalonitriles are 
usually used for aromatic nucleophilic substitution reactions with alcohols, phenols, 
thiols, or thiophenols, while the 4,5-dichlorophthalonitrile is a convenient precursor 
for preparation of 4,5-disubstituted phthalonitriles. 
 
Figure 1. 12 : Reaction Scheme 
In 2004, Bayır and coworkers reported a versatile approach to synthesizing 
unsymmetrical phthalocyanines 34 bearing two phenylethynyl moieties and six 
alkylthio substituents, following a statistical cyclotetramerization of two different 
phthalonitrile derivatives 35 and 36, the latter containing two phenylethynyl moieties 
(Figure 1.13). In good agreement with previous studies, these alkyne-containing 
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derivatives are more soluble and their Q-band absorption red-shifted when compared 
with octa(alkylthio)Pcs. Electrochemical studies by cyclic voltammetry demonstrated 
that the more polarizing the central metal ions, the easier it is to reduce, and the more 
difficult to oxidize, the Pc s ring [23]. 
 
Figure 1.13 : Synthesis of unsymmetrically substituted M(II)Pcs 34 bearing two 
phenylethyl moieties 
A number of substituted manganese phthalocyanines (PcMn) have been synthesized 
from the corresponding phthalonitriles by Dolotova et al. The stages of substituted 
PcMn electrochemical reduction and oxidation have been studied and the correlation 
of redox potentials with electronic properties of substituents has been established. A 
novel idea   was proposed and confirmed that PcMnII, when treated by organic bases 
in solution forms an equilibrium mixture of three electronic isomers — Pc + •MnI, 
PcMnII and Pc – •MnIII. The main purpose of this study was to clarify the 
fundamental aspects of PcMn coordination chemistry based on the wide series of 
soluble substituted PcMn derivatives [24].  
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Figure 1.14 : The synthesis of substituted PcMn (I–XIII) . 
Alkynyl-substituted phthalocyanines have been found to be particularly interesting in 
that each alkynyl group causes a red shift of 4–6 nm in the Q band region of the 
spectrum, and can hence be applied in ‘‘fine tuning” a Pcs absorption spectrum. 
Alkynyl phthalocyanines are also convenient starting materials for the preparation of 
Pc-based dyads and triads. Şener et al. reported synthesis of dialkyl (3,4-
dicyanophenyl)propargylmalonates (2,3) by the reaction of propargyl bromide and 
the potassium salt of dialkyl-3,4 dicyanophenylmalonates (1). The 
cyclotetramerization reaction was achieved in pentanol in the presence of DBU 
without protective/deprotective chemistry, affording the peripherally tetrasubstituted 
alkynyl phthalocyanines. Subsequently, in situ metallation and ‘clicking’ were 
employed for the first time as an efficient and quantitative route to tetratriazole-
functionalized phthalocyanines [25]. 
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Figure 1.15 : Synthesis of 2,9,17,23-(1,1-(Dimethoxycarbonyl)-2-
(ethynyl)ethyl)phthalocyanine (4) 
MPc complexes containing Mn as a central metal show a highly red-shifted Q band. 
Nyokong et al. reported the synthesis and electrochemistry of a new manganese 
phthalocyanine complex, namely Mn tetrakis (5-hexynoxy) phthalocyanine (3), 
specifically designed to possess an alkyne moiety for its potential use in controlled 
immobilization on electrodes via the  “click” chemistry reaction. The electrochemical 
activity of complex 3 was investigated by cyclic voltammetry and the nature of the 
observed redox couples was elucidated by spectroelectrochemistry. This work has 
also shown that the reduction of Mn(III)Pc complex to Mn(II)Pc is accompanied by 
the formation of MnPc μ-oxo species. Further reduction results in the formation of 
Mn(II)Pc(−3) rather than Mn(I)Pc(−2)  [26]. 
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Figure 1.16 : Synthetic route for 4-hex-5-ynoxyphtalonitrile (a) and MnTHOPc (b) . 
Torres and his group described the high yield synthesis of a series of monodisperse 
zinc phthalocyanine-centered dendrimers encapsulated within an amphiphilic 
environment. The corresponding phthalonitrile precursors were prepared with a 
triazole linking motif as introduced through the “click” chemistry approach. The 
presence of the hydrophilic triethylene glycol monomethyl ether peripheral groups 
enabled the examination of the basic photophysical properties in both common 
organic solvents and aqueous media. These dendritic benzodinitriles as obtained in 
excellent yields for all steps of the synthetic protocol were then involved in 
cyclotetramerization reactions to furnish the three monodisperse ZnPc1–3 
dendrimers in good yields for such macrocyclic compounds. All structures have been 
unequivocally identified by both NMR and MS techniques. Owing to the presence of 
the hydrophilic triethylene glycol monomethyl ether peripheral groups, the whole 
series of dendrimers is soluble in both common organic solvents and aqueous media. 
UV-vis absorption spectra in different types of solvents evidenced in organic 
solvents the typical features as usually obtained for independent phthalocyanines. 
However, along the series the Q-band absorption coefficients decreased thus 
indicating a certain degree of intra- or intermolecular aggregation. Experiments 
conducted in aqueous medium confirm the general trend that steric isolation of the 
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macrocycle by bulky peripheral substituents is not effective in polar protic solvents 
as shown by broad Q-bands with significant lower absorption coefficients [27]. 
 
 
 
Figure 1.17 : Chemical structures of amphiphilic zinc phthalocyanine dendrimers 
ZnPc1–3 
McGrath et al. disclosed the synthesis of a series of near-IR-absorbing soluble Pc 
derivatives that bear eight alkynyl arylthio moieties as side chains of the 
chromophore. Substitution at the b positions of Pcs with arylthio moieties shift the 
absorption towards the near-IR region around 30 nm relative to analogous aryloxy-
substituted Pcs. The clickable phthalocyanines (3b–3d) reported  were readily 
soluble in most organic solvents (e.g.,CH2Cl2, CHCl3, and THF) [28].  
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Figure 1.18 : Synthesis of “clickable” phthalocyanines 3a–3d 
Further, they demonstrated with one of these Pcs (3d) the click modification 
approach to produce a small library of Pc derivatives by reaction with a variety of 
azides, therefore producing seven different Pcs from a single Linstead cyclization 
reaction [28]. 
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Figure 1.19 : Click reaction between phthalocyanine 3d and azides 5 a–5 g. 
 
 
22
 
 
 
23
2. APPLICATIONS 
2.1 Photodynamic Therapy  
The first observation of chemical sensitization of tissue by light was reported in 1900 
by Raab. The basic concept of photodynamic therapy (PDT) dates from 1903, when 
Tappenier and Jesionec used  topically applied eosin and sunlight to treat  skin 
cancer patients [29]. 
The interest in Pcs in photobiology in general and in PDT in particular dates back to 
1985 following the demonstration that some Pc can photosensitize inactivation of 
mammalian cells [30]. PDT is a novel therapeutic modality in which a dye used as a 
photosensitizer is first adminished to the patients. Following in a time interval during 
which the dye localizes in the diseased tissue,the latter is exposed to the light of 
appropriate wavelength. The excitation of the dye in the presence of oxygen 
produces reactive oxygen species (ROS), leading to tissue destruction. Currently , 
this approach is used for cancer treatment and for treatment of age related macular 
degeneration (AMD), the leading cause of blindness in the elderly. The main 
advantage of Pc for use in PDT is their pronounced absorption in the far red where 
tissue transperancy is the maximal. Additionally they accumulate in diseased tissue 
anda re relatively nontoxic in the dark.  
2.1.1 Mechanism of photosensitization   
Photosensitization by Pc is a photodynamic reaction, 1.e., oxygen is required for the 
reaction. The process may proceed by a type I or a type II mechanism. Briefly , light 
absorption by Pc and generation of a long-lived excited triplet state are the first steps 
to both mechanisms. In a type I mechanism, the excited sensitizer undergoes a 
primary reaction with a target biomolecule in its vicinity, leading to a hydrogen atom 
abstraction or an electron transfer process. The resulting radicals react with 
molecular oxygen to produce multiple oxidized products. In a type II mechanism, the 
excited Pc directly interacts with molecular oxygen, forming the electronically 
excited singlet state of oxygen via energy transfer. Singlet oxygen (1O2) then reacts 
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with electron-rich regions of biomolecules to produce oxidized species. The high 
reactivity of  1O2  toward biological substrates is due to its two highest energy 
electrons being paired in the same orbital, leading to zwitterionic reactivity. A  less 
common type II route is the electron transfer from sensitizer to oxygen, leading to 
conversion of the latterinto superoxide anion radical . Pcs with long-lived excited 
triplet states produce 1O2 with quantum yields of 0.18-0.62. In contrast, the same Pc 
(with Zn, Al and Ga as central metal atom) produces superoxide anion at quantum 
yield ranging from 0.00042 to 0.00001 [31] . 
 
Figure 2.1 : Jablonski Diagram 
2.1.2 Consequences of ZnPc 
A liposomal preparation of ZnPc has been in early Phase I/II clinical studies in 
Switzerland , supported by Ciba-Geigy. These studies involved the treatment of 
patients with squamous cell carcinoma of the upper digestive tract. They were 
discontunued, but not because of medical reasons. 
2.1.3 Consequences AlPcSn  
Clinical studies of AlPcSn under the trade name Photosense have been going on in 
Russia since 1992 and are now in Phase III. A variety of cancers have been 
successfully treated. These include basal and squmous cell cancers, breast cancer, 
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oral, lung and larynx cancers. Dye doses were 0.5-1 mg/kg body weight. Overall 
there was 50% complete tumour response (no regrowth), 43% partial response, and 
7% no response. AlPcSn had no systemic toxicity and no modification of the immune 
system where observed . In a study of head and neck tumours , 93 sites were treated 
with Photosense. Over 50 % complete response was observed with no clinical 
evidence of malignant tissue. The only exception was melanoma. None of the treated 
melanoma sites showed a complete response. Skin cancer was particularly amenable 
to Photosense-PDT, with overall 85% complete response.  In Phase III studies for 
patients with primary breast cancer and skin recurrences, and the results for 15 
patients were reported [32].  
Table 2.1 : Medical Applications of Pc-PDT 
Pc Formulation Application Status 
ZnPc Liposomes Cancer treatment PhaseI/II 
AlPcSn  Aquous solution 
Cancer  treatment Phase III 
Treatment of AMD Preclinical 
Treatment  of glaucoma Preclinical 
Intimal hyperplasia Preclinical 
Pc4 
CRM Emulsion Cancer  treatment Phse I 
Liposomes 
Transfusion  medicine Preclinical 
Bone marrow purging Preclinical 
Hair removal treatment Preclinical 
PcS4 Aquous solution Treatment of TSE Preclinical 
2.2 Aggregation 
Aggregation is generally viewed as an association of molecules in solution. In much 
of the early Pc research , Pc compounds for the most part had the character of being 
highly crystalline and insoluble.  Actually, aggregation of Pc compounds was not 
observed or suspected until soluble Pcs were available or spectroscopically  studied. 
The first generally soluble Pc compounds were those made water-soluble by 
peripheral sulfonic acid substitution. This development inducted Pcs into the family 
of ionic dyes in which aggregation was a known and actively researched 
phenomenon dating back to the early 1900s. Further Pc research  developments with 
the nature (neutral, cationic, metal coordinating, etc.), size, substitution position, and 
number of peripheral substituents have profound influences on aggregation. In the 
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aggregated state, electronic intermolecular interactions alter the physical and 
chemical properties compared with those of the unaggregated state. These involve 
changes in color, photodynamics, and catalytic activity. Correlated applications in 
dyes, optical filters, optical limiters, and photodynamic therapy are of particular 
importance. During 1927-1929 copper  and iron Pc compounds were prepared and 
isolated and Linstead began working on elucidating its structure.  Concurrently and 
during the next 10 years, reports of Pc compounds made soluble by peripheral 
substitution  appeared in patent literature.  The  substituents utilized included 
sulfonates and carboxylates for solubility in water and alcohol and methoxy, ethoxy 
and phenoxy moieties for solubility in less polar organic solvents. The first Pc visible 
spectrum was published in 1937,  and it clearly shows evidence of aggregation 
although not identified as such. The spectrum of sulfonated zinc Pc was more 
quantitatively studied seven years later with finding of an aggregation dependance on 
solvent (methanol vs water), temperature and pH. It is in this report that the notions 
of dye aggregate size, structure and the bonding with the concepts of “dimer,” 
“coplanar,” and “optical coupling” are first being applied to a Pc compound.  
2.2.1 Avoiding  aggregation  
Aggregation causes a perturbation of the Pc electronic structure, which is very 
undesirable in some applications that makes use of the monomer’s optical or 
catalytic properties .  In these technical areas there is interest in structural design 
features which diminish or ideally eliminate aggregation .  
2.2.2 Axial substitution and metal ion effects 
Blocking the coplanar association of Pc rings with octahedral coordination of the 
complexed metal ion is one of the most effective ways of not only diminishing 
aggregation but also of promoting solubility of peripherally substituted Pc 
compounds. Here can be mentioned an interesting example involving axial 
substituted trialkylsilane silicon naphthalocyanine further indicates that , while 
aggregation is suppressed in solution, it does ocur in the solid state. Metals with a 
single axial substitution include mainly Al, V and Ti, and this usually involves a 
coordinated chlorine, hydroxyl or oxygen.  
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2.2.3 Bulky peripheral beta-substitution 
Peripheral group substitution at the β-position on the Pc ring is the more prevalent 
and synthetically the more facile. To diminish aggregation with substituent groups at 
this position, several general approaches have been followed. These include a steric 
crowding close to the spoint of attachment, flexible-chain substituents with long 
lengths capping groups and dendrimer substituents. These approaches have had 
varying levels of success.  
2.2.4 Alpha-peripheral substitution 
Peripheral group substitution at the α-position causes the Pc ring to distort from 
planarity and  a significant reduction in aggregation may result, particularly if the 
substituent structure is properly chosen. Cook et al. has shown that the alkoxy group 
is more effective in reducing aggregation than is either the alkyl or the alkoxymethyl 
group. The alkoxy group also causes a greater red shift in the Q-band.  
2.3 The Origin of the Q and B Bands 
The ultraviolet-visible (UV-vis) absorption spectra of typical MPcs (Figure 2.2) are 
exemplified by discrete bands arising from transitions within the delocalised Pc ring 
system. A diagrammatic illustration of an ultravioletvisible (UV-vis) spectrum is 
shown in Figure 2.2.  
  
Figure 2.2 : Classic electronic absorption spectra of a metallophthalocyanine, 
showing the B and Q bands. 
Under D4h symmetry, the Q band (Figure 2.2), occurring in the far end of the visible 
region at approximately 650 -750 nm in MPcs, has been attributed to the π → π* 
electronic transition from the HOMO (highest occupied molecular orbital) to the 
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LUMO (lowest unoccupied molecular orbital) of the Pc- ring. Less intense bands in 
the blue end of the UV region are called B (or Soret) bands (Figure 2.2).  The B 
bands have been attributed to the deeper π levels → LUMO transitions. The origins 
of these first two π → π* transitions are shown in Figure 2.1. 
 
Figure 2.3 : Electronic transitions showing the derivation of the Q and B bands in 
phthalocyanine complexes. A ‘x’ represents an electron. 
Gouterman’s four orbital model explains that the spectra of MPc complexes are due 
to transition of electrons from the HOMO (highest occupied molecular orbital, π) to 
the LUMO (lowest unoccupied molecular orbital, π*). The Q band results from the 
transition of electrons from the HOMO (2a1u) to the LUMO (6eg) orbital. The B 
bands  arise from electronic transitions from the 4a2u and 3b2u orbitals to the 
LUMO (6eg) orbital (Figure 2.1). Both Q and B bands in alkylthio substituted Pcs 
are at longer wavelengths relative to unsubstituted Pcs. Such a red shift implies that 
the energy gaps between the HOMO and LUMO and between deeper π levels and the 
LUMO of alkylthio substituted Pcs are narrower than those of alkyloxy substituted 
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Pcs. This work studies the electronic transition properties of the synthesized 
substituted phthalocyanines for characterization and spectroelectrochemistry 
purposes.  
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3. EXPERIMENTAL SECTION 
3.1 Materials and Instrumentation 
All reagents and solvents were of reagent grade quality obtained from commercial 
suppliers. DMF and other solvents if necessary, were stored under molecular sieves. 
Used materials are: Acetone, Dimetylformamide, potassium carbonate, 
Dimetilsulfoxide, DBU, THF, Methanol, 1-pentanol, Zinc acetate, Cobalt (II) 
acetate, Cobalt (II) chloride, Lead (II) acetate, Cu (II) acetate, sodium thiophosphate,  
Silicagel 60 F254 TLC plates (20x20) and 60 F254 (0.063-0.200), propargyl 
chloride, 4-nitrophthalonitrile, 2-methyl-2propanethiol, Hexane, Dichloromethane 
and Chloroform. 
Instrumentation:  Infrared  Spectra are recorded on a Perkin-Elmer One FT-IR (ATR 
sampling accessory) .Ultraviolet-visible Spectra were recorded on a Unicam UV2 
UV-Vis spectrophotometer.  Both 1H NMR and 13C NMR Spectra were obtained on 
a Agilent VNMRS at 500 MHz. Mass Spectrometer was to be Bruker Daltonics 
MicrOTOF or MALDI-TOF mass spectrometer. Elemental Analyses were performed 
on Thermo Flash EA 1112 as an elemental analyzer. 
3.2 Synthesis of Starting Materials  
3.2.1 Synthesis of 4-prop-2-ynylthio-phthalonitrile  (1)  
4-Nitrophthalonitrile (0.389 g, 2.25 mmol) and propargyl mercaptan (0.25 mL, 2.25 
mmol) which is synthesized from literature [83] were reacted in dry 
dimethylformamide (DMF) (5 mL) at 40 ◦C under N2 atmosphere. Potassium 
carbonate (0.56 g, 4.05 mmol) was added in small portions to the reaction solution . 
Reaction was followed by TLC, after 72 h, the reaction mixture was extracted by 
water (10mL×3 times). Then the organic phase was extracted by dichloromethane 
(10 mL×4 times). The mixture was dried by sodium sulfate and evaporated. The oily 
residue was boiled in hexane and put into refrigirator. After a day white precipitate is 
filtered and dried. Yield: 0.16 g (35%), C11H6N2S.  MS: m/z (C11H6N2S) theoretical 
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=198.24, obtained= [M]+ 198.729.  Compound 1 is characterised by IR, NMR, UV-
vis that are given on Appendix A. 
N
O
O
N
N
N
N
S
DMF
1
HS
+ K2CO3
 
Figure 3.1 : Synthesis of  4-Prop-2-ynylthio-phthalonitrile  (1) 
3.2.2 Synthesis of 4-tert-butylthio-phthalonitrile (2)  
Differing from the reported data of Dolotova et al., synthesis of 4-tert-butylthio-
phthalonitrile was performed in classical way. 4-Nitrophthalonitrile  (0.2 g, 1.15 
mmol) and 2-methyl-2propanethiol (0.234 mL, 2.07 mmol) were reacted in dry 
dimethylformamide (DMF) (5 mL) at 50◦C under N2 atmosphere. Potassium 
carbonate (0.43 g, 3.1 mmol) was added in small portions to the reaction solution . 
Reaction was followed by TLC, after 48 h, the reaction mixture was poured into 
water (100 mL).  
 
Figure 3.2 : Synthesis of 4-tert butylthio phthatalonitrile (2) 
White precipitate was formed, then it was filtered off and dried. Yield: 0.167 g (82 
%). The spectral characterizations, IR, 1H NMR, 13C NMR   of the compound  are 
given  on  Appendix A. 
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3.3 Synthesis of Phthalocyanines 
3.3.1 2,9(10),16(17),23(24)-tetrakis-(prop-2-ynthio) phthalocyaninatozinc (II)  
(3) 
4-prop-2-ynylthio-phthalonitrile (1) (0.1 g, 0.50 mmol) was dissolved in  pentan-1-ol 
(1 mL) then  anhydrous Zn(CH3COO)2 (0.033 g, 0.165 mmol) was added to the 
mixture under nitrogen in the presence of DBU (35μl).  After reflux for 24 h at     
140 oC , the mixture was cooled to room temperature and poured into methanol (30 
ml).  
 
Figure 3.3 : 2,9(10),16(17),23(24)-tetrakis-(prop-2-ynthio) phthalocyaninatozinc (II)  
The blue-green precipitate was filtered off . Although it was washed for several times 
by common organic solvents, I could not go with it further because of even no 
solubility in THF. 
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3.3.2 2,9(10),16(17),23(24)-tetrakis-(prop-2-ynthio) phthalocyaninatocobalt  (II) 
(4) 
4-prop-2-ynthio-phthalonitrile (1) (0.1 g, 0.50 mmol)was dissolved in  pentan-1-ol (1 
mL) then anhydrous CoCl2 (0.021 g, 0.165 mmol) was added to the mixture under 
nitrogen in the presence of DBU (35μl).  After reflux for 24 h at 140 oC, the mixture 
was cooled to room temperature and poured into methanol (30 ml). 
 
N
N
N
N
N
N
N N
Co
S
S
S
(4)
S
 
Figure 3.4 : 2,9(10),16(17),23(24)-tetrakis-(prop-2-ynthio) phthalocyaninatocobalt       
(II)  
The blue-green precipitate was filtered off  and washedfor several times  by common 
organic solvents , but I could not go with it further because of low solubility in THF. 
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3.3.3 Synthesis of 2,9(10),16(17),23(24)-Tetrakis-(prop-2-ynthio) 
phthalocyanine (5) 
4-prop-2-ynthio-phthalonitrile  (1) (0.1 g, 0.50 mmol) was dissolved in  pentan-1-ol 
(1 mL) and heated  at 140 oC  for 24 h under nitrogen . The mixture was cooled to 
room temperature and poured into methanol (30 ml). The blue-green precipitate was 
filtered off  and washed for several times by common organic solvents, but could not 
go with it further because of no solubility in THF.  
 
Figure 3.5 : Synthesis of 2,9(10),16(17),23(24)-Tetrakis-(prop-2-ynthio) 
phthalocyanine   
3.3.4 Synthesis of 2,9(10),16(17),23(24)-tetrakis-(tert-butylthio) 
phthalocyaninatozinc(II) (6) 
4-tert-butylthio phthatalonitrile (2) (0.1 g, 0.46 mmol) is dissolved in pentan-1-ol (1 
mL) then anhydrous Zn(CH3COO)2 (0.028 g, 0.154 mmol) is added to the mixture 
under nitrogen in the presence of DBU (35μl). After reflux for 24 h at 140 oC, the 
mixture is cooled to room temperature and poured into methanol-water (30 ml) 
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mixture. The dark blue precipitate is filtered off and washed by methanol for several 
times. The residue is purified by column chromatography on silica gel using THF: 
Hexane (1:10) as eluent. Yield: 0.075g, 85% %), C48H48N8S4Zn.  MS: m/z 
(C48H48N8S4Zn) theoretical =930.60, obtained= [M]
+ 930.434.  Compound is 
charachterised by IR,  NMR, UV-vis that are given on Appendix A.  
 
Figure 3.6 : Synthesis of 2,9(10),16(17),23(24)-tetrakis-(tert-butylthio) 
phthalocyaninatozinc (II) 
3.3.5 Synthesis of 2,9(10),16(17),23(24)-tetrakis-(tert-butylthio) 
phthalocyaninatocobalt(II) (7) 
4-tert-butylthio- phthatalonitrile (2) (0.1 g, 0.46 mmol) was dissolved in  pentan-1-ol 
(1 mL) then anhydrous CoCl2 (0.020 g, 0.154 mmol)  was added to the mixture under 
nitrogen in the presence of DBU (35μl).  After reflux for 24 h at 140 oC, the mixture 
is cooled to room temperature and poured into methanol-water (30 ml) mixture. The 
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dark blue precipitate is filtered off and washed by methanol for several times. The 
residue is purified by column chromatography on silica gel using eluent as methanol 
and dichloromethane, respectively. Yield: 0.085g, 85%, C48H48N8S4Co.  MS: m/z 
(C48H48N8S4Zn) theoretical=924.14, obtained= [M]
+ 924.223. Compound is 
charachterised by IR, 1H NMR, 13C NMR,  UV-Vis and Mass spectrums are given on 
Appendix A. 
 
Figure 3.7 : Synthesis of 2,9(10),16(17),23(24)-tetrakis-(tert-butylthio) 
phthalocyaninatocobalt (II) 
3.3.6 Synthesis of 2,9(10),16(17),23(24)-tetrakis-(tert-butylthio) 
phthalocyaninatocopper(II) (8) 
4-tert-butylthio-phthatalonitrile (2) (0.1 g, 0.46 mmol)  is dissolved in  pentan-1-ol (1 
mL) then anhydrous Cu(CH3COO)2  (0.027 g, 0.154 mmol)  is added to the mixture 
under nitrogen in the presence of DBU (35μl).  After reflux for 24 h at 140 oC, the 
mixture is cooled to room temperature and poured into methanol-water (30 ml) 
mixture. The d bluwish precipitate is filtered off and washed by methanol for several 
times. The residue is purified by column chromatography on silica gel using eluent 
as methanol and dichloromethane, respectively. Yield: 0.078 g, 85%, C48H48N8S4Cu.  
MS: m/z (C48H48N8S4Cu) theoretical=928.75, obtained= [M]
+ 928.040. Compound is 
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charachterised by IR, 1H NMR, 13C NMR,  UV-Vis and Mass spectrums are given on 
Appendix A.  
 
Figure 3.8 : 2,9(10),16(17),23(24)-tetrakis-(tert-butylthio)  
3.3.7 Synthesis of 2,9(10),16(17),23(24)-tetrakis-(tert-butylthio) 
phthalocyaninatolead(II) (9) 
4-tert-butythio-phthatalonitrile (2) (0.1 g, 0.46 mmol) is dissolved in  pentan-1-ol (1 
mL) then anhydrous Pb(CH3COO)2  (0.055 g, 0.154 mmol)  is added to the mixture 
under nitrogen in the presence of DBU (35μl).  After reflux for 24 h at 140 oC, the 
mixture is cooled to room temperature and poured into methanol-water (30 ml) 
mixture. The d bluwish precipitate is filtered off and washed by methanol for several 
times. The residue is purified by flash column chromatography on silica gel using 
eluent as methanol and dichloromethane, respectively. Yield: 0.078 g, 85%, 
C48H48N8S4Pb.  MS: m/z (C48H48N8S4Pb) theoretical = 1072.41,obtained= [M]
+ 
1072.630. Compound is charachterised by IR, 1H NMR, 13C NMR,  UV-Vis and 
mass spectra are given on Appendix A.  
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Figure 3.9 : 2,9(10),16(17),23(24)-tetrakis-(tert-butylthio) phthalocyaninatolead(II)  
3.3.8 Synthesis of 2,9(10),16(17),23(24)-tetrakis-(tert-butylthio) phthalocyanine 
(10) 
4-tert-butyl phthatalonitrile (2) (0.1 g, 0.46 mmol) is dissolved in  pentan-1-ol (1 mL)  
and heated  at 140 oC  for 24 h under nitrogen . The mixture was cooled to room 
temperature and poured into methanol (30 ml).  Blue-green  precipitate is filtered off 
and washed by methanol for several times. The residue is purified by column 
chromatography on silica gel using eluent as methanol and dichloromethane, 
respectively. Yield: 0.078 g, 85%, C48H50N8S4. MS: m/z (C48H50N8S4) 
theoretical=867.22, obtained= [M]+ 867.623. Compound is charachterised by IR, 1H 
NMR, 13C NMR,  UV-Vis and Mass spectrums are given on Appendix A.   
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Figure 3.10 : 2,9(10),16(17),23(24)-tetrakis-(tert-butylthio) phthalocyanine 
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4. RESULTS AND DISCUSSION 
Phthalocyanines are synthetic macromolecules with several substituents on 
peripheral or nonperipheral positions. Variety of these substituents and modification 
of the Pc core by different metals have been resulted in very wide range of 
applications, as mentioned before. One of their most important applications is their 
use as photosensitizers (PS). In other words, PDT is the way of cancer treatment that 
is based on the combination of PS and light. Owing to high extinction coefficients  of 
Pcs and the Q-band batochromic shift to approximately 670-730 nm [33]. On the 
other hand, alkynyl-substituted phthalocyanines have been found to be particularly 
interesting in that each alkynyl group causes a red shift of 4–6 nm in the Q band 
region of the spectrum, and can hence be applied in ‘‘fine tuning” a Pcs absorption 
spectrum. Terminal alkyne substituted phthalocyanines are also convenient starting 
materials for click chemistry. 
Coming from the facts of the above mentioned articles, our very first aim was to  
synthesize a photosensitizer for PDT by the modification of Pc core with prop-2-
ynthio moiety. Owing to terminal alkyne groups of this tetra-substituted Pcs, click 
chemistry would be performed with suitable azid functional substances to obtain 
appropriate photosensitizer.  
For this purpose, targeted phthalonitrile 1 was synthesized using nucleophilic 
aromatic displacement between 4-nitrophthalonitrile and prop-2-yne-1-thiol in  the 
presence of K2CO3 as base. Reagents were synthesized according to the literature 
[39]. The corresponding cyclotetramerizations of phthalonitrile 1 were conducted in 
the presence of Zn (CH3COO)2, CoCl2 as metal template or DBU. However , Pcs (3-
5) were not soluble enough in typical solvents like CH2Cl2, CHCl3,  DMSO, and 
THF. As a result, they  could not be purified and characterized. One of the reasons of 
this aggregation is supposed to be the shortness of the propargyl mercaptan, as the 
aliphatic carbons increase, macrocycle becomes more bulky and solubility enhances 
[28].   
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 In the  IR spectrum of  1  -C≡C-H peak is at  3293.24 cm-1; the sharp CN  peak is at 
2229,18 cm-1  and -C≡C-H peak is at 2160 cm-1; the  Ar-S-C peaks are observed at 
around 2579,34 cm-1. 1H NMR  spectrum exhibited the aromatic protons around  
7,63-7,71 ppm, the protons of  CH2 are at 3.75 ppm and the proton of  -C≡C-H  is 
observed at 2.32 ppm.  13C NMR spectra  show typical chemical shift for aliphatic 
carbon (77.01), S-CH2  carbon (20.56 ppm), alkyne carbons (73.13,77.01 ppm), 
aromatic carbons (111.98,130.70-144.64 ppm), nitrile carbons (116.40,115.29 ppm). 
In the mass spectra of newly synthesized phthalonitrile  the observed molecular ion 
peaks confirmed the proposed structure as indicated in the Figure A.4. 
In the  IR spectrum of  2  sharp CN  peak is at 2231.12 cm-1 , C–CH3 peaks are at 
2923.64 and 2852.67 cm-1   and the  Ar-S-C peaks are observed at around 1557.72-
1153.51 cm-1, Ar-H peaks are observed at 3071 cm-1. 1H NMR  spectrum indicates 
the aromatic protons around  7,71-7,91 ppm and the -CH3 protons are at 1.36 ppm.  
A diagnostic feature of the Pc formation from 1 and 2 is the disappearence of the CN 
peak of the reactant. The IR spectra of metal-free 10 and metallo Pcs (6,7,8,9) are 
very similar. The significant difference is the presence of NH vibrations of the inner 
Pc core which are assigned to a weak band at 3284.48 cm-1 in the metal-free 
molecule.  In the 1H NMR  spectrum of 10 aromatic protons appeared at 6.98-7.84 
ppm. CH3 protons are around 1.43-1.51 ppm and inner core NH protons are at -6.89 
ppm. The 13C NMR spectra  of 10 aromatic carbons are 121.26-137.41 ppm, the C 
atom after S (S-C-(CH3)3) , appears at 46.81 and 46.71 ppm. Carbons of CH3 are at 
30.30-31.37 ppm.  
The spectral data for 9 shows that 1H NMR spectrum of aromatic protons are seen at 
7.78-9.36 ppm and CH3 protons are around 1.56-1.43ppm. The 
13C NMR spectra of 
this Pc of aromatic carbons are 123.35-151.49 ppm, the C atom after S (S-C-(CH3)3) 
appears at 47.00 ppm. Carbons of CH3 are at 31.05-30.30 ppm.  
Coming to the spectral data of 6 in the 1H NMR, aromatic protons appeared at 6.98-
7.84 ppm. CH3 protons are around 1.55-0.88 ppm. The 
13C NMR spectra  of 6 
aromatic carbons are 120.77-149.99 ppm, the C atom after S (S-C-(CH3)3) , appears 
at 46.59 and 46.71 ppm. Carbons of CH3 are at 31.13-29.68 ppm. In the IR spectrum 
of 6,7,8 and 9 indicated the disappearence of intense stretching bands at around 2230 
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cm-1, which clearly show the formation of Pc core, and the presence of C–CH3 peaks  
at around  2923.64 and 2852.67 cm-1.  
A close investigation of the mass spectra of the Pcs confirmed the proposed 
structure. In the mass spectra of 6,7,8 and 9   [M]+ 930,434 , [M]+  924,229, [M]+  
928,040, [M]+  1072,630 and  [M+H]+  867,623 are analysed respectively  and are 
compatible with theoretical values.  
The Pcs show typical electronic spectra with two absorption regions, the Q-band 
around 600-700 nm and the B-band near UV region around 300-350 nm, both 
correlate to π-π* transitions [25]. The split form of Q band in 10, which is 
characteristic for metal-free Pcs, is observed at λmax  700 and 670 nm in THF . The Q 
band absorption of MPcs is observed as a single band of high intensity in the visible 
region. The MPcs 6,7,8 and 9  showed the expected absorption of the Q and B bands 
appearing on the Table 4.1. 
Table 4.1 : Q and B band absorptions of metallophthalocyanines  
M No Q band (nm) B band (nm) 
Zn 6 675 353 
Co 7 652 335 
Cu 8 678 349 
Pb 9 718 348 
In conclusion, this work describes the synthesis and spectral properties of 4-prop-2-
ynylthio-phthalonitrile and 4-tertbutylthio-phthalonitrile and corresponding novel 
peripherally tetra prop-2-ynthio and tert-butylthio substituted phthalocyanies. The  
prop-2-ynthio substituted Pc complexes exhibit poor solubility in common organic 
solvents to be able to use in click chemistry. Whereas tert-butylthio substituted Pc 
complexes show very good solubility, which means that bulky peripheral substitution 
enhances the solubility.  
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6  
Figure A.1 : IR Spectrum  of 4-prop-2-ynylthio-phthalonitrile 
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Figure A.2 : 13C-NMR Spectrum of 4-prop-2-ynylthio-phthalonitrile in CDCl3 
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Figure A.3 : 1H-NMR Spectrum of 4-prop-2-ynylthio-phthalonitrile in CDCl3 ligand  
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Figure A.4 : Mass Spectrum of 4-prop-2-ynylthio-phthalonitrile 
54 
 
 
Figure A.5 : IR Spectrum  of 4-tertbutyllthio-phthalonitrile  
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Figure A.6 : 1H-NMR Spectrum of 4-tertbutylthio-phthalonitrile in CDCl3 
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Figure A.7 : IR Spectrum  of compound 10 
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Figure A.8 : 13C-NMR Spectrum of  compound 10 in CDCl3  
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igure A.9 :  1H-NMR Spectrum of compound 10 in CDCl3  
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Figure A.10 : Mass  Spectrum of  the compound 10. 
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Figure A.11 : UV-Vis spectrum of the  compound 10  in THF (2.5x10-6 mol dm-3) . 
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Figure A.12 : IR Spectrum  of the compound 9. 
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Figure A.13 : 13C-NMR Spectrum of the compound 9  in CDCl3 . 
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Figure A.14 : 1H-NMR Spectrum of the compound 9  in CDCl3 .  
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Figure A.15 : Mass  Spectrum of the compound 9 .  
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Figure A.16 : UV-Vis spectrum of the compound 9  in THF(2.5x10-6 mol dm-3) . 
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Figure A.17 : IR Spectra  of the compound 6.  
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Figure A.18 : 13C-NMR Spectrum of the compound 6 in CDCl3.  
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Figure A.19 : 1H-NMR Spectrum of the compound 6 in CDCl3 . 
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Figure A.20 : Mass  Spectrum of the compound 6.  
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Figure A.21 : UV-Vis spectrum of the compound 6 in THF(2.5x10-6 mol dm-3) . 
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Figure A.22 : Mass  Spectrum of the compound 7.  
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Figure A.23 : UV-Vis spectrum of the compound 7  in THF (2.5x10-6 mol dm-3) . 
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Figure A.24 : IR Spectra  of the compound 8 . 
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Figure A.25 : Mass  Spectrum of the compound 8 .  
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Figure A.26 : UV-Vis spectrum of the compound 8  in THF(2.5x10-6 mol dm-3) . 
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Figure A.27 : IR Spectra  of the compound 3 . 
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Figure A.28 : IR Spectra  of the compound 4. 
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Figure A.29 : IR Spectra  of the compound 5. 
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